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1. INTRODUCTION L

L 1 Purpose

This report has been prepared in response to a requirement for a planning.

study on the suitability as temporary base camps of three selected locations along

the Byrd Land and Ellsworth Land Coasts. These three temporary camps are

Byrd Camp Number One, located in the Edsel Ford Range (approximately 770 S.,

144° W.), and the proposed Byrd Camps Numbers Twoand Three (planned locations

* 750 S.. 1210 W. and 7304 5 ' S., 996 \,'., respectively).

These camps are to be operated daring the resupply period from November

1967 through January 1968 for comprehensive surveys in severa[ scientific disci-

plines. Camp support will depend on sk,-equipped LC-130 aircraft operating from

Byrd and McMurdo for resupply. VH-1D helicopters will be utilized to conduct the

,actual surveys.

Flight operations at Byrd Camp Number One were seriously handicapped be-

cause of "whiteout" (appendix A) during much of the 1966-67 operating season.

Accordingly, so as to better assess the whiteout probability during the summer

operating season at all three camp locations, and therefore their suitability as

survey base camps, a detailed Study was requested of cloud conditions as revealed

by meteorological satellite data,

1.2 Discussion

Available meteorological satellite data for the summer-operating season and

that portion of West Antarctica- in which these camps are located consists of

ESSA-III AVCS photographs, obtained from the National Environmental Satellite

Center and the National Weather Records Center, and ESSA -II and NIMBUS-II APT



pictures copied at McMurdo Station, all for the period November 1966 through

January 1967. The satellite AVCS photographs and APT pictures were evaluated

for total sky cover, and for cloud type and amount; and a nephanalysis was then

drawn for each -day of this 3-month period. Surface and upper-air charts pre-

pared at McMurdo Station were compared with the satellite cloud and weather

systemis, and reanalyzed as necessary. All available surface, ;upper-air and

aircraft weather observations for the period and area under study were used to

evaluate and validate the satellite data. Table 1. 1 provides a summary of, the

satellite and conventional meteorological observations used in-this study.

The quality of the APT pictures was generally adequate for deterriining gen-

eral cloud features for the area in which Byrd Camps Nos. 1, 2 and 3 are located.

However, for purposes of this study, reliance was almost entirely placed upon

the greater detail offered by the AVCS photographs.

Place names used in this study are as indicated on the figures contained

herein, rather than such more precise delineations for these appellations as may

be geographically proper.
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Table 1. I. Number (f Satelhte and (Cservational ita

PHOT(ORA P1 IS NOV. DEC. JAN.

ESSA I'l kVCS 22 2018 186

NIMRI'rS II & ESSA It APT Approx. 150 u.-'cd "o'
ertre period

NIrMRIII OF AVCS/APT NOV. I dF', JAN.

PICTUJRES OF - - APT VcS APT AVCS APT AVCS

BYRD 15 138 30 142 40 120

CAMP 0I 1 It 116 30 131 25 120

CAMP #2 0 127 0t 133 0 114

CA\MP # 3 0 107 I) 118 0 q7

NUNIEH ()F' WEATHE'R

O S F1VATI ()NS AVAII.ABI,F !()H - NO)V IJ( JAN.

8YI) 358 )45 261

CAMiP 1 244 25 t 2 04

NGl)-32 1 7 1 0

AIRCRA FT 0 4 31 1 c 5
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2. APPEARANCE OP CLOUDS IN
SATE9LLITE PH*OTOGRAPHS

2. 1 General Analytical Procedu&-e

The first steps ininterpreting the ESSA-Il AVOS ', .tOgraghs *ere to deter-

mine the total cloud cover in teanths, and then to Identify the O-zeral clbUd formns

and amount. The specific cloud types were then ieztiWiedi when passible. Neaxt,

nephanalyses were prepared, and the de~ired ciciudinaess data wera ol.tokined from

these by summation according to month and cwap.

Cloud forms could be ascertained with reasonale relia'Z:lity, ',.;t tieC satellite

camera systems are not of sufficient~resolutiona to permnit detection ciZ tae sn all-

scale details-necessary for assured identification and classification by Cloud types.

The resolution of ESSA-IiIlAYCS photographs varies, fromi approxirnately. 3/4 iniles

at the center of a picture to 3 miles a eperir~eter.

2. 2 Distinguishing Clouds from Ice: anii Snaow.

The albedo, of clouds is close to that of snow &wd ic_.., a7-roxi-,:Ptely 60,7 to

70%. Hence, over extensive areas of atovw at.., it i6 ~ U.~d to distin~guish

clouds from the equally white background. lahib lo' j as is~ ou o'~ tae -wre

difficult problems in the interprettica of Antaretic ~~lt

$The satellite photographs were vri.lded, -si':t t riis

were generally available to locate theL- ar -:. va1a as well a,, tz. e, v a a

guide for recognizing the exi,,t~ance of 'v'2 c:;L ~-r as a

pattern of landmarks, and together n-AtL .'c~~ .2i~t~ £ri a

background for the ever-changin lo 41jie~ .10L~~~c~~~wr

recognizable, it was possilsAa to d&tet tL 1:. a ~'~~ti~a ".oL



these landmark patterns. When the sun angle w.Ls low, ahrzupt c lcud edges and

cumuliform cloud elements produced shadows which Were easily dateetable. The

apparent width cf dhe shadow depends on both sun angle and the viewing angle of

the satellite relative to the sun. Shadows less than three miles wide were difficult

to identify because of camera resolution. The shadows were most easily detected

on undercasts of lower cloud, snow-covered ground and ice-coVere4 ocean areas.

Studies of sea-ice conditions utilizing meteorol'gical Eatellits photographs

in comparison, with aerial reconnaissance reports [ 2] iLa_'cate t t setellite photo- I

graphs do not show sea ice less than 15 cm. thick, aad that sea ice 15-30 cm.

thick must be closely ijacked before it will be secn oni t.e satllite photographs.

Even sea ice greater than 30 cm. iW thickness must be of at least 63 percent coy-

erage before it will appear on the satellite photograhs.

2.3 Nephanalyses

A nephanalysis was produced for each day of the t:2 e-:Lor'A :tlz ly period, to

provide a numerical cloudiness estimnate and thereby faciltte c! these

data. The customary nephanalysis symbology .aJ a& ,,,P' a ed i4. apen-

dix B were used in these analyses. In sum-ru c l "iinso th " iz 1 'idal

daily nephanalyses, appendices C, D and E, Vae P. .. ........i. 0.t

(open), MOP (mostly open), MCO (mostly cove4 t C -vvsre ccvnr..rd) w.re cc'erted

to the conventional climatological categorie e f Clear, .-ar y Cload aad ,:1oadcy for

user convenience. This conversion was accompli s1'ed a follcws:



iib j

Nephikulyais Cloud Climatolog

Open (5. 0.2) .. .. . ... .. .. .. . .. Clear (<. 3)

Mostly Open (0.21 to 0.50) -.. * . Partly cloaidy (0. 31to0.79)
Mostly Covered (0.51 to 0. 79,,)
Covered .>O0.8) .. .. .. .. .. .. . .. Clo,,ey (> 0-i. 8)

2.4 Vortex Tracks

Individual vortex tracks were determined from the vortexc cloud forms appear-

ing on the daily nephanalyses, and these were conpiled for each month of the study

* period into primary, secondary and mean vortex tracks over West Antarctica.

- 6-



3. CLOUD COVER

3.1 General

A reasonable picture of mean summer cloud conditions -)vr the southern

ocean is provided by the analysis of January ship ruports frxm the years 1920

through 1955 presented in figure 3. 1 [ 7]. The cloudiest areas of the ocean are

found in the Weddell Sea, the Bellingshausen and Amundsen Seas and the regions

north of Wilkes Land. The average cloudiness 'of 7. 5 eigV:ths ,dicates that

during January these areas are almost con4inuously overcast.

Average seasonal cloud cover over the Antarctic Continent as revea1(h by

an analysis of weather reports during the four mid-seasonal months of 1958 is

shown in figure 3. 2 [3]. The cloudiness decreased inland during all seasons,

from a maximum of 6 eighths along the Coast to a minimum of 1 - 3 eighths

over the eastern plateau. In the specific area of concern (indicated by stars),

as opposed to the continent as a whole, fall (April) would appear to be the

cloudiest season and winter (July), the clearest. The difference between

spring (October) and summer (January) seems s&' slight as to be insigni.icant,

but the pattern of the isonephs suggests that (to-the extent October and January

1958 were ipresentative months), some slight improvement is likely "ronu

spring to summer.

Variations in coastal cloudiness are strongly associated with the low-pressure

systems which transit the area. Cloudiness will be at a a ", - ie : ,he

shore (northerly) winds which precede those systems. The v.t r.-&

- 7
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of these lows are usually regions of minimum cloudiness, d ae to downslope

motion of the cold, dry, low-level air outward from the continen-, and the

tendency for upper clouds to clear following a storm's passage.

3. 2 Circulation Features

The most prominent features of the summer sorface-pressure pattern over

West Antarctica are a high-pressure ridge extending from eastern Ellsworth

Land northeastward along the Antarctic Peninsula, ard the W-E low-pressure

trough at about 70 S. from Ross Sea to Bellingshaosen Sea (fig. 2. 3) [ 5]. The

mean storm tracks for November, December and Jnardy [ 4] are shown in

fgures 3.4, 3.5 and 3.6, respectively. The correspondence between these tracks,

the pressure pattern shown in figure 3. 3, and the axes of maxim um cloudiness in

figures 3.1 and 3. 2 will be quite evident.

As would be expected from an inspection of the terrain, storms are far more

likely to penetrate West Antarctica than they are East Antarctica. Figures 3.4,

3. 5 and 3. 6 indicate, that, in the mean, storm tracks enter the Byrd and

Ellsworth Land coasts during all of the summer operating-season monthE; but,

whereas a primary storm track enters Byrd Land in November, Nigures 3. 5 and

3. 6 show only secondary tracks in December and January. The lesser cyclonic

activity of these latter months tends to support the deduction noted r. se ition 3. 1,

that cloudiness should improve slightly from November to Tan.,ar.. Alihcug'h

different in detail, the vortex tracks prepared dkring tts stod -, 'fig. 3.7, 3. 8,

and 3. 9) also indicate a primary track crossing the area du:.-", l'Tom-'rr;er,

-10 -
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Figure 3. 3. January Mlean Sea -LIevel Chart (nib. )of the Southern
Hemisphere South of 15' S. [ 5].
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with only secondary tracks influencing-the Byrd and Ellsworth Land coasts

during the sqmmer months.

Of the many maritime lows that circle the coast of West Antarctica from

west to east, a large number tene to become quasi-stationary in the Ross-

Amundsen Seas area. As might be expected in such situations, a widespread

area of overcast skies will persist in the vicinity of the low and eastward to

the ridge near the Atarctic Peninsula. A study of ice accumulation and the

tropospheric circulation over West Antarctica during 1957-58 [ 6] indicates

that in situations in which snow and ice are being accumulated the entire area is

affected at the same time by a large storm. The satellite photographs examined

in this study indicated also that the cloud systems associated with a major low in

the Ross Sea, as well as several deep lows transiting the area, covered much of

the coastal and inland regions of West Antarctica.

The coastal highlands of West Antarctica produce considerable liIft in on-

shore winds; hence, along the coasts with the approach of a low, cloudiness and

precipitation will exceed that which might have occurred due to the storm itself.

3.3 November 1966

As shown in table 3. 1, Byrd Camps One, Two and Three experienced 1 to 2

clear days, 5 to 6 partly cloudy days and 22 to 24 cloudy days in November. A

late spring month, this was the cloudiest of the three months studied - having

2 to 3 times as many cloudy days as January. The clear and partly cloudy days

appear toward the end of the month; and in the case of Camps Numbers Two and

Three, there is a gradual transition from predominantly cloudy to partly cloudy

-18-



Table 3. 1. Novemhber 1966 Sky Cover for Selected Locations

Clear1 F~tyCldy ~Cldy 'Clear PtlyCldy CIdy Clear PtlyCldyLIdy
1 42 6 2 1 63

CAMP #1 CAMP#2 CAMP #3

1CIdy Cidy Cidy
*2 Cidy Cidy Cidy

3 CIdy Cidy Cidy
4 Cldy Cidy Cidy
5 Cidy Cidy Cldy
6 Cldy Cidy Cidy
7 Cidy Cidy CLOY.
8 Cldy Cidy Cidy

9CIdIy Pty ('dy Cidy
10, C Idy Cldy Cldy
11 Cidy Cldy j~ Ply C Idy
12 Cldy Cidy Cldy
13 Cldy Cldy Cidy
14 Ptly CIdIy Cidy Cidy
15 ~ Cly Cidy Cidy
16 Cidy Cidy Ptly Cidy
17 ('Idy Cidy Cidy
18 Ptly Cidy tIny Cidy Cily
19 13t iy C Idy Cidy Cidy
20 Otly Cidy ____Cidy Cidy
21 Cldy Cidy C Idy
22 Ptly Cidy Ptly CIiclY Cidy
23 Clear Cleat- Ptly Cidy
24 Cldy Ptiy Cidy Cldy
25 CId y Cld.y Cidy
26 CIdy Cidy Cidy
27 Cidy Ptly Cidy Ptly Cidy
28 C"Idy Clear Ptly Cidy
29 'ld V C I(IY Clear
30 Cd MYPItly C~dy PUtY CIdy



skies.

The major vortex track is located at approximately 630 S. (fig. 3. 7),

in general agreement with the average storm track for the month (fig. 3.4).

There is also a second mean vortex track across the Byrd and Ellsworth, Land

coasts at about 75* S. which reflects the sizable number of primary vortices

which passed through that area during this month only. It may be noted from

the daily nephanalyses (appendix C), that the cloudiness associated with these

latter vortices affected all three camp locations to approximately the same

degree. Many vortices originated in and transited the Ross Sea, including both

the primaries which continued eastward and a number of secondaries which

remained in the Ross Sea area. Albeit the more southerly mean vortex track

appears better developed than the primary storm track shown across the Ross

Sea and into Byrd Land in figure 3.4, it is 'difficult to conclude from this indica-

tion whether November 1966 was significantly cloudier than normal for this time

of year. On several days, as may be seen from appendix C, large operating

areas in the vicinity were clear when the camps themselves were partly cloudy

or cloudy.jhe cloud types show a predominance of stratiform and cirriform, with

many days of cumuliform and stratocumuliform associated with the vortices.I In view of the many days with cloudy skies that were experienzed in November,

it may be concluded that the severe restriction to flight operations due to the

whiteout, which was actually experienced during November 196, v,,c d have

been inferred from this study.

-20-



C' I
3.4 December 1966

December showed an improvement inthe number of clear days, with

Byrd Camps Numbers One, Two and Three experiencing 3, 7 and 6 clear

days, respectively (table 3.2). All camps showed a marked decrease in

the number of cloudy days, with 15 cloudy days at Camp One, 12 cloudy days

at Camp Two and only 9 cloudy days at Camp Three. As shown in table 3.2

and appendix D, periods of clear, partly cloudy and cloudy days were rather

evenly spaced throughout the month.

A' may be seen from figure 3. 8, the mean vortex track moved southward to

approximately 660 S., but fewer vortices transited Marie Byrd Land and Ellsworth

Land, both in good agreement with climatology (fig. 3. 5). The increased

cloudiness over the ocean areas and decreased cloudiness over West Antarctica

confirm the decreased cloudiness from spring to summer suggested by figure

3. 2. Five secondary vortex tracks may be seen in figure 3. 8 to rotate around

the eastern portion of the Ross Sea and the western portion of Marie Byrd

Land, as reflected in the greater cloudiness at Camp One.

In December, there were again many days with clear areas adjacent to

cloudy areas covering one or more of the camps, indicating the possibility of

greater helicopter operating time than is apparent from table 3. 2. However,

despite the improvement over November, whiteout conditions s.aiodd still

have been a deterrent to flight operations during a significant portion of the time,

due to the areal extent of the sky cover during those days wher 'lotidy skies

existed over the respective camps.

-21-



Table 3.2. December 1966 Sky Cover for Selected Locations

Clear Ptly Cldy (Cidy Cler Ply C1dy ldy Clear PtlyCIdy Cidy
3,13 15 7 2  1 6 16 9

CAMP #1 CAINI # 2 CAMVP #3

I Cldy Cidy P.tly Cidy
2 Ptly Cidy Cidy Ptiy Cidy
3 Ptly Cidy Pt ly Cildy Intly C Idy
4 Cidy Cidy Ptly Cidy

5 iyCidy Clear
6 CIdy cidy Clear
7 Clear elear t ly CIdy
8 Ptiy Cidy Cleat, Clear
9 CIdy Ptly Cidy Ptiy CIdy

* 10 C~YCld '__ Cidy
11 Ptly Cidy Clear Ptly Cidy
12 Cidy Ptly CIdy Ptly Cidy
13 C~dy Cldy Clear
14 Clear Clear Clear
15 Clear Cleat- Pt ly C idy
16 Ptly Cidy PUlY cidy CIdy
17 Cldy Pily Cidy Cidy
18 Ptly Cidy Cldy Ci~dy
19 C Idy PtiYiCldy Cidy
20 P flyCd Cdy
21 Cldy Cldy Cldy

P. -tly Cidy Cldy Ptly Cidy
23 CIdy Cidy iPtly Cldy
24 Ptly Cidy Ptly Cidy Ptly Cidy
25' Ptly Cldy Ptly Cidy CIdy
26 Ptly Cidy Pltly Cidy CIdy
27 Cldy Ptly CIdy Iltly CLdy
28 Cldy P~tly Cidy Ptly CIdy
29 Cidy Ptly Ctdy Clear
30 Ptly Cidy Clear P~ly Cldy
31 Ptly Cidy ClearI- Pt kyCidy

22
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3.5 January 1967

January experienced the least number of cloudy days, with 13 at Byrd

Camp Number One, 6 at Camp Two and 10 at Camp Three; but the nmber

of clear days decreased to 2 to 3 (table 3. 3). This change from December

should not be entirely unexpected; for as indicated in climatology and as

borne out by figure 3, 9 and appendix E, the decreased intensity and number of

large storms are compensated by continued southward displacement of the mean

storm track. Further, the increased air temperature suggests the probability

of greater amounts of water vapor;, and the recession of the ice edge permits

oceanic cloudiness to affect the coastal areas more readily. Hence, even

though the reduction in cyclonic activity should result in a decrease in cloudy

days, other factors should cause a decrease in the number of completely clear

days; and the average cloudiness of slightly more than 50% indicated by figure

3. 2 seems in general agreement with this study.

Whiteout should hinder flight operations in January also; for, although the

number of cloudy days has decreased, the thickness and amount of the clouds

observed in the partly cloudy areas can produce whiteout to some extent.

I.

-23-

I



Table 3. 3. January 1967, Sky Cover for Selected Locations

Clear Ptly Cidy Cidy lrj I ly dy C Wy Clear Ptly Cldy Cldy
3 15 312 2 19 10

CAMP #1 CAMP~ #2 CAMP #3

i Ptly Q-1dy Clear Ptly Cidy
2 Pity Cidy Clear Ptly Cidyv

3Ptly Cidy Ptly Cidy Pity Ctdy
4 Cldy Clear Clear
5 Cldy Pty Cidy Ptly Cidy

6 Cldy PfIVy Cidy PtlyCd
7 CIdy Ptly Cidy Pt ly C idy
8 Cidy ptIly Cldy Cidy

91CIdy Pity Cldy Ptly Cldy
10 C~~ iyPtly CIdy
11 Cldy Pty CIdy Ptly Cidy
12 Ptly Cidy Pt ly CIdy Ptly Cidy
13 Clear P-tly Cidy Ptiy Cidy

I14 Clear mtly Cidy C I y
15 Ptly CRid Ptly Cidy Cidy
16 Ptly C'idy P"tly Cidy Cidy
17 Ptly CI(dy Cidy Ptly Cidy
18 Clear Cidy Cidy
19 COdy Ptly Cldy CIdY
20 Pmy Cidy PtILyIN. I't y Cldy
21 I-tlIy Cidy C idy Clily
22 Pty Cidy Ptl.y CldY Cldy
23 Cidy Pty CIdv Ptky Cidy
24 Ptly CIdy Pily Cldy Clear
25 Ptly Cidy Pty Cidy P'tly C~dy
26 C ldy~ P.tly Cidy Cidy
27 c~dy C N(y CIdy
28 P't ly C Idy Pity CidIY Pity Cldy
29 Cldy l'tly Cidy I'i.Iy Clidy
30 [Ily Cidy Cidy JPily (7ldy
31 PUlY Cidy Cidy Ptly Cidy

24 -



4. CONCLUSIONS

Table 4. 1 summarizes ,the monthly variations in cloudiness at Byrd Camps

Numbers One, Two and Three. November 1966 was substantially more cloudy

than December 1966 and January 1967, with little appreciable difference among

the three camps. During December 1966 and January 1967, Camp One was

cloudier than Camps Two and Three.

Vortex tracks prepared from the satellite photographs and their derived neph-

analyses agree basically with climatological storm tracks, except that the number

of vortices transiting coastal West Antarctica in November 1966 appears greater

than normal. Vortex tracks prepared for all months agree well with the generally

accepted view [ 1, 6] that the storm track roughly parallel to the coast is more

common than that between the Ross and Weddell Seas.

There is every reason to believe from the limited data available, that

November will be a cloudier month than December and January; ,and that owing to

the greater probability of common large-storm tracks, all three camps will be

cloudy at the same time during this month. The decrease in cloud cover from

November to December and January in 1966-67 was noteworthy; but was probably

a slightly greater than normal improvement, for the reason that November 1966

was apparently cloudier than the average due to the unusual cyclonic activity.

Whiteout will certainly be a serious handicap to flight operations in all months;

but there is a reasonable probability of acceptable operating conditions 30 to

35% of the time at Camp One, and 40 to 45% of the time at Camps Two and Three

during December and January.

- 25 -



Talble4. 1. SKY COVER

Nov.Dec. Jan.

CAMP IL. CFAJ_-" 15 A

CLOUDY 214 42

PAJTy CLaY1 m PC) I 3(7 22

ILAF t

PARWt (:l(XitY 6 PC) :.194

CLOUDIY ~9 P

LPtpcriptu i A Iou ThTire Month Average

C * riz 0.3 .AI C P

I (AN # CMP#2I -'

08 PTY CL 1-.uI e 3 j

cl iVY -0 14,
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APPENDIX A

WHITEOUT

"Whiteout" is an atmospheric optical phenomenon characteristic of snow-

covered polar regions under overcast skies and lighting conditions such that the

greyish-white snow blends with the grey clouds into a uniform background which

lacks shadows, detail and perspective. In such conditions the observer, whether

in the air or on the ground, appears to be engulfed in a uniformly white glow in

which neither the horizon nor clouds are discernible. All sense of depth and orienta-

tion is lost; only very dark nearbyobjects can be seen.

"Whiteout" occurs over an unbroken snow cover and beneath a uniformly over-

cast sky, usually cirrostratus, altostratus, stratus or stratocumulus, under

circumstances in which the light from the sky is approximately equal to that from

the snow surface. Several publications attribute "whiteout" also to blowing snow,

when hydrometeors suspended in the air constitute an obstruction to vision. How-

ever, in a true "whiteout", forward visibility is apparently reduced even though

the atmosphere is actually transparent and hydrometeors are not present. It is

the inability to distinguish snow-covered objects in the path of an aircraft or

ground traveller which makes the phenomenon so dangerous.

"Whiteout" occurs most frequently in spring and fall when the sun is near the

horizon (below 20* altitude), particularly when light intensification results from

lack of absorption between snow and cloud cover with the added effect of

reflected light.
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APPENDIX B

NEPHANALYSIS LEGEND

1. BOUNDRIES 3. CLOUD TYPES

* - i. Major Cloud System Cumuliform

+ + + ++ Limit of Ice Edge Cb

Definite ' Strato-Cumuliform

. .. -- Indefinite Cirriform

2. CLOUD AMOUNT (COVERAGE) , Stratiform

0 Open <0.20 4. OTHER

MOP Mostly Open 0.21-0.50 Proposed Camp Location

MCO Mostly Covered 0. 51 -0.79 MT NS Mountains

Covered >0.80 FLO Sea or Shelf Ice Visible
Io 8 CEFLOES in Western Ross Sea

5. SYMBOLS

Aw Vortex

Cloud Lines (may be
Vorticity Center A 0>U,)

PVA Max
PVAd!Z Max%, Cloud Line, Tenuous

Transverse Bands or

Waves dlh Building Cloud Lines

~-- Jet Stream 4 -Striations

_ Bright (highly reflective Eddies

* ,cloud mass)
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APPENDIX C

NOVEMBER 1966 NEPHANALYSES
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APPENDIX D

DECRIVI1yBER 1966 NEPHAIIALYSESj
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